Abstract-An investigation 111 vitro of pulmonary O-methyl transferases rcvcaled the presence of microsomal phenol-O-methyl transferase and soluble and microsomal catechol-O-methyl transferases in guineapig lung tissue. Both phenol and catechol transferases also were detected in rat and rabbit lung tissue. Substrates of guinea-pig pulmonary phenol-0-mcth!l transfcrasc ~ncludcJ phenols. crcsols and xylenols. but not alcohols and amines. Catcchol-0-methyl transferaaes from both subcellular sources were found to have similar pH optima. magnesium ion requirements, K,,, values, and utilircd norepinephrine. isoprotcrcnol and dopamine as suhstratcs, but not metaprotcrcnol and salbutamol. These data for the pulmonary enzymes are similar to published values for liver 0-methyl transfcrascs.
It is recognized that the lung may have at least a secondary role similar to that of the liver in the detoxification or activation of exogenous compounds [I] . In support of this hypothesis are the common embryonic origin of lung and liver [?I, and the efficient inactivation of many endogenous substances in a single passage through the lungs 131. It is also significant in this regard that foreign compounds entering the body other than through the gastrointestinal tract would pass through the lungs before reaching the arterial circulation and the liver.
Nevertheless, relatively little has been reported concerning the biotransformations of exogenous materials by lung tissue. The presence of benzpyrene hydroxylase has been established in rat lungs [46] and more recently the mixed-function oxidases of liver and lung tissue have been compared [7-I I] . The soluble fraction of rabbit lung homogenate in the presence of Sadenosyl-[/nrth_r/-'4C]methionine promotes the Nmethylation of a diverse series of amines [12, 131. Hovvevcr. studies of O-methyl transferases in lungs have been limited as part of more general studies of tissue and species distribution of the enzymes involved. For example, phenol-O-methyl transferase has been reported 1141 to be present in guinea-pig with the lung tissue portion of the study being limited to phenol per se. In a similar study, catechol-O-methyl transferasc has been detected in rat lung homogenates [ 151. It is the purpose of this paper to further characterize O-methyl transferases in subcellular fractions prepared from guinea-pig lungs. were provided by Dr. Ara Paul. College of Pharmacy. University of Michigan (Ann Arbor, Mich.). The mcthoxy compounds were recrystallized from both methanol-ether and rr-propanol ethyl acetate and are the compounds employed in a previous plant methylation study [ 161. Guinea-pigs weighing between 300 and 500g were decapitated after being stunned by a blow on the head. The lungs were removed. rinsed, blotted. weighed and homogenized with 3 vol. of cold isotonic KC1 in a Waring blendor at t&4'. The preparation was centrifuged at 9000 y for 30 min at O-to obtain the postmitochondrial supernatant fraction. Further centrifugation of the postmitochondrial supernatant at 105.000 $1 for I hr at 0 gave soluble and microsomal fractions. Microsomal pellets were resuspended in 5 vol. of cold isotonic KC1 and recentrifuged twice to remove soluble lung enzymes. Soluble fractions were dialyzed at 4' against 100 vol. of either isotonic KCI or 0.1 M phosphate buffer. pH 7%.
M.~TEKIALS AND METHODS

Mutukds
Optirnul i~~hutior~ nrd uffmtion corditiom
The optimal amount of microsomes or supernatant equivalent to lung tissue per 0.5 ml of incubation mix- ~~i~~osornu (/~i~c,r~ol-O-,~~~th!:I tr.u~~~fiw.se. Microsomes equivalent to I00 mg of lung tissue were added to a 15-ml glass-stoppered centrifuge tube containing 0.1 ml of 0.5 M phosphate buffer (pH 7.9). S-adenosyl-[rl7ethyl-
' 4C]mcthionine, (1 nmole) and substrate (2 [Lmoles) in a final volume of 0.5 ml. The reaction was stopped by the addition of 1 ml of 0.5 M borate buffer (pH 9) after 30 min at 37' and the mixture was extracted twice by I",, isoamyt alcohol in toluenc (3 ml). The extracts were combined and a 2-ml aliquot was assayed for radioactivity.
Values were corrected for a blank obtained by incubation of the reaction mixture without substrate and treated as above.
.Sol~h/c~ ~ut~~chol-0-,~lcthyf tf~i~sfi~~as~~. Incubations were performed as above using soluble fraction equivalent to 40 mg lung tissue in pH 7.8 phosphate buffer with 0.5 mM MgCt,. After 30 min of incubation. I ml of 0.5 M borate buffer (pH I 1) was added to stop the reaction. Extraction was carried out with isoamyl alcohol (10 ml) previously saturated with water. Aliquots (4 ml) of the substrate and blank incubation extracts were counted for radioactivity.
Incubations were performed in pH 7.0 phosphate buffer with 2.5 mM MgCi, and microsomes from fO0 mg lung tissue. Ali other conditions were the same as in the microsomal phenol-o-methyl transferase assay. Extraction was carried out with isoamyl alcohol (IO ml).
Incubations of dopamine with microsomal and sotuble enzymes were carried out along with the corresponding blanks. These incubations were terminated with 1 ml of 0.5 M borate buffer (pH 10) and extracted with ethyl acetate (5 and 10ml). Extracts were combined and dried over Na,SO,. Aliquots (1 ml) of the extracts were counted for radioactivity before the remainder was evaporated to dryness under a stream of nitrogen. The residues were redissolved in ethanol (50~1) before being applied on thin-layer chromatography plates. Authentic samples of 3.4-dimethoxyphenethylamine, 3-methoxy-4-hydroxyphenethylamine and 4-methoxy-3-hydroxyphenethylamine were also applied on the chromatoplates.
Chromatography was carried out in silica gel GF plates using two solvent systems: chlorofor~a~etone-diethylamine (5:4: I) 1161 and ~~-bu~~nol~ammoni~lm hydroxideethyl acetate (3: I : 1) [17] . The reference compounds were detected under ultraviolet light. Radioactivity measurement was carried out by placing 0.5-cm strips in counting vials, adding 2 ml methanol followed by IOml scintillation solution, and counting in a liquid scintillation spectrometer.
~~t~~~~f~~at~Q~~ ~~~~dio~ctj~ir~ Quantitative analysis of radioactivity was performed 
REWLTS
Species disfrihution of'lung fnethyl trafwfirase activity
Methylating enzyme activities were examined with the postmitochondrial supernatant fractions of rat, rabbit and guinea-pig lungs using S-adenosyl-[n2eth$-"C]methionine as the methyl donor ( Table 1 ).
The data in Table 1 show that appreciable amounts of phenol-O-methyl transferase and catechol-O-methyl transferase were detected in lungs of guinea-pig. rat and rabbit.
However, N-methyl transferase was detected only in rabbit lung preparations.
Pulfnonary fnicrosofnal phenol-O-methyl tr.ansf>r.a.w ucticity if1 guifwu-pigs
Phenol-O-methyl transferase activity was detected mainly in the microsomes.
Various hydroxyl and amino compounds were examined as possible substrates of microsomal phenol-O-methyl transferase of guinea-pig lungs. Cresols, xylenols, phenol, bromophenol and ethylphenol were found to be substrates for the enzyme (Table 2) , while resorcinol and phloroglucinol were not methylated.
No methylation was detected with aniline or tyramine as substrates or with alcohols (cyclohexanhexol, cyclohexanol, ethanol and glycerine).
The reaction rates of phenol at molar concentrations from 5 x IO-' to 5 x IO-4 were determined in duplicate in the presence of phenol-O-methyl transferase by 
Pulfnonary catechol-O-methyl transjtirase actiuitJ
Initial studies with guinea-pig lung homogenates indicated the presence of catechol-O-methyl transferase in both the microsomal and soluble fractions. The catechols-epinephrine, norepinephrine. isoproterenol, dopamine and catechol-were found to be substrates for the supernatant and microsomal fractions, whereas methylation was not detected for metaproterenol and salbutamol.
Metaproterenol Solbutomol
While these preliminary studies had indicated the presence of enzyme activity in both the supernatant and microsomal fractions, it was possible that the reduced activity of the latter fraction was due to residual supernatant fraction adhering to the microsomes. To examine this possibility, microsomes were successively washed by resuspending in isotonic KC1 and resedimenting at 105.000 s. The enzyme activities of the supernatant and the microsomes were assayed each time after resuspension and sedimentation (Table 3) . Microsomes washed and resedimented in this manner only once reach a constant level of activity. This activity was maintained over three additional washings with only minor activity appearing in the supernatant isotonic KC1 washes.
In the present lung tissue study, a comparison was also made between the microsomal and soluble catechol-O-methyl transferases. Mg2+ concentrations, pH optimum values, K, values and substrate specificity were used as criteria in comparing the two enzyme preparations. t# upfirnmn?. Puhnonary catcchol-O-methyl transferases were incubated separately at various buffer pH values. The supernatant catechol-O-methyl transferase had optima1 activity from pH 7.8 to 9.0, whereas the microsomai ~techol-O-methyl transferase had optimal activity from pH 68 to 76 (Fig. I) . Fig. 2 . Effect of magnesium concentration on the O-mcthylation of isoproterenol by subcellular fractions of guinea-pig lung. Mcthylated product formed. nmoles/g of tissue, was determined as described for enzymc activity in lung tissue.
Each point is the average of two determinations.
MgCl, comvztration.
The effects of Mg" concentration on the pulmonary catechol-O-methyl transferases are summarized in Fig. 2 . Maxima1 activity required 2.5 x 10e4 M and 2.5 x IO-3 M Mg' + for the soluble and the microsomal catechol-O-methyl transferases respectively. Note, however. that appreciable enzyme activity was detected in the absence of Mg'+. The effects of Mg'+ on iung enzymes were smaller than on the partially purified liver catechol-Omethyl transferase.
as 
Suhstr.ak~ .specijicity
The extent of 0-methylation using I-isoprotercnol. i~~repillepl~ri~le and dopalnine as substrates wx compared in microsomal and soluble catechol-O-methyl transferases (Table 4) . With l-isoproterenol, norepinephrine and dopamine as substrates. soluble enzymes were found to he &I9 times more cfkient than microsomes in the formation of O-mcthyiated metabofites. &-Norepinephrine and cti-isoprotcrenol were found to be the best substrates examined for Omethylation.
Chromato~raphicfanalyses of ethyl acetate extracts of microsomal and soluble subcellular fractions incubated with dopamine as a substrate indicated the formation of "C-labeled 3-mcthoxq-4-hydroxyphencthylamine. However, it was necessary to increase suhstrate. ~-adenosyl-rfJz~f~i~~-'4C]m~thionine and soluble enzyme concentrations
4-fold to demonstrate the presence of both O-methyl isomers by radiochromatography. The relative proportions of 3-and 4-methoxy metabolites were 2.5 and 2.2 for the soluble and microsomal catechol-0-methyl transferases respectively. 3. 
DISCUSSION
The present investigation indicated that many ^ mono-substituted phenols were substrates ot gumeapig lung phenol-O-methyl transferase, which was prescnt mainly in the microsomal fraction. The results are consistent with the subcellular distribution and substrate specificity of guinea-pig liver phenol-O-methyl transferase reported previously by Axelrod and Daly [ 147. The presence of phenol-O-methyl transferase in lungs ofguinea-pig, rabbit and rat is also in agreement with the widespread occurrence of this enzyme in the liver of various species [14] .
Our data also demonstrated that xylenols were suhstrates of pulmonary phenol-O-methyl transferase. Lunde ut al. [20] have correlated the inhibitory effects of xylcnols on vasoconstriction developed in isolated perfused lungs with the positions of the methyl groups on the aromatic ring. However, their inhibitory effects did not correspond to the extent of 0-methylation which occurred in our phenol-O-methyl transferase incubations. The mechanisms by which xylenols exert their inhibitory effects on vaso-constriction developed in isolated perfused lungs remains to he elucidated; nevertheless. the present study does not support these xylenols as alternative substrates.
The presence of catcc~~ol-O-~~eth~l transferase in guinea-pig lung is also consistent with the widespread species [15] [30] in perfused dog lung in which isoproterenol and isoetharine were extensively 0-methylated but in which the resorcinol, tcrbutaline, was not metabolized.
Thin-layer chromatography results indicated the formation of 'SC-laheled 3-mcthoxy-4-hydroxyphencthyiami~le in incubations using dopamine as suhstrate. Also, the presence of "C- 
